Introduction {#sec1-1}
============

Multiple organ support is an essential aspect of managing critically ill patients in the Intensive Care Unit (ICU). Interventions like endotracheal intubation and mechanical ventilation, invasive catheters, hemodialysis, etc., are commonly performed in the ICUs. With more challenging therapies like prone positioning, high-frequency oscillatory ventilation (HFOV), continuous renal replacement therapy (CRRT) and extracorporeal membrane oxygenation (ECMO), critical care practice has become more physiologically challenging. As most of these modalities of patient care are invasive and may lead to pain, anxiety and physical discomfort, patients need adequate analgesia, sedation and sometimes even muscle relaxation to tolerate these procedures.

Studies have demonstrated a significant effect of inappropriate sedation, analgesia and muscle relaxation on patient\'s outcome. These practices determine short-term consequences, such as oversedation,\[[@ref1][@ref2][@ref3][@ref4][@ref5][@ref6][@ref7]\] hypotension, venous thrombosis, prolonged ventilation,\[[@ref8][@ref9]\] increased incidence of bacteremia and ventilator-associated pneumonia,\[[@ref10][@ref11]\] increased length of intensive care unit stay (LOS)\[[@ref12][@ref13]\] and intermediate- to long-term effects such as critical illness myoneuropathy and post-traumatic stress disorder.

Recent data support early and regular mobilization in the management of critically ill patients. Feasibility of mobilization of a critically ill patient depends on the sedation-analgesia and muscle relaxation practices of the ICU. Sedation, analgesia and muscle relaxation practices are interdependent and overlapping, making it difficult to assess them in isolation. Multiple surveys\[[@ref14][@ref15][@ref16][@ref17]\] have been conducted in the past to evaluate the practice of sedation, analgesia, muscle relaxation and early mobilization individually, but only a few have evaluated the combined practice of all the four. We planned to evaluate the current practices of mobilization, analgesia, relaxants and sedation (MARS) in Indian ICUs with a nation-wide web-based survey. No data about such practices in Indian ICUs are available.

Materials and Methods {#sec1-2}
=====================

 {#sec2-1}

### Designing the survey {#sec3-1}

The Delphi survey methodology was used. A panel of 10 senior physicians who practice critical care medicine were involved directly in formulating the questionnaire. \[SUPPORTING:1\] The first step in designing the survey was to prepare a questionnaire with clinical relevance to the aims of the survey. We conducted a literature search through web-based search engines, i.e. PUBMED, MEDLINE, EMBASE and GOOGLE SCHOLAR. The key words included sedation administration/survey, analgesia administration/survey, muscle relaxation administration/survey, mobilization/early mobilization in ICU/critically ill, physical therapy in ICU/critically ill. We shortlisted a set of 75 questions that were discussed among the survey investigators. In the second round, the questionnaire was re-evaluated and only 57 questions that were felt to be more relevant to the aim were included. Re-evaluation of the questions was made for the third time and answer options were evaluated for their relevance to the aim of the survey. Multiple choice options were created with an easy to use "check the box" system to provide responses. As the clinical practices were expected to be different for different group of patients, multiple options were allowed to be chosen.

The set of questions were formatted into two sections, i.e. the first section consisted of 19 questions and on personal details (i.e. age, sex, qualification, specialty, etc.) of the participants, the demographic profile of the concerned ICU (i.e. type of ICU, predominant type of patients, staff and equipment details of the ICU, average length of stay \[LOS\] and expenditure per day, etc.). The second section consisted of 38 questions on organ dysfunction and severity scores, sedation- analgesia- muscle relaxation practices (i.e. indication, agents, method of administration, monitoring, etc.), evaluation of delirium (incidence, monitoring, drug therapy), weaning and mobilization protocols and practices (i.e. spontaneous breathing trials (SBT), feasibility of mobilization, etc.).

### Conduct of survey {#sec3-2}

The database of the registered members of the Indian Society of Critical Care Medicine (ISCCM) and the Indian Society of Anaesthesiologists (ISA), whose members are distributed across the country, was obtained after due permission. Nine thousand four hundred and fifty-two pooled e-mail addresses were obtained from both databases. Physicians were sent an e-mail link using these e-mail addresses, through which they could access the Internet-based survey (MARS: Mobilization, Analgesia, Relaxation, Sedation). Only those members who did full time or part time intensive care were requested to participate in the survey. The time period allotted to complete the survey was from 1^st^ July 2012 to 1^st^ January 2013 (6 months). Six reminders to complete the survey were sent through e-mail to the non-responders during the study period.

Results {#sec1-3}
=======

Of the 9452 pooled e-mail addresses, 2983 e-mail addresses were common (members common to both societies). Hence, the survey was actually sent to 6469 physicians. Because of various reasons, 526 e-mails were undelivered; hence, e-mails were successfully sent to 5943 physicians. Physicians belonged to different parts of the country. The number of first-phase responders (who responded to a single e-mail) was 378. After a reminder in the next week, 174 more physicians responded and, on further reminders, a total of 659 physicians were enrolled (response rate 11.1%).

 {#sec2-2}

### Respondent and ICU demographics {#sec3-3}

Almost 59% (391 responders) of the responders were under the age of 40 years. Majority of the responders (269 responders, 41%) were less than 5 years into their practice in critical care medicine, while only 7% (43 responders) of the responders were into more than 20 years of their practice. [Table 1](#T1){ref-type="table"} shows the demographic profile of the respondents and their ICUs, which includes the type of ICU, case mix, per day expenses and use of severity of illness scores. Physicians from ICUs admitting more than 300 patients per year formed 70% (462 responders) of the responders. Majority of the physicians (77%, 509 responders) worked in ICUs that have less than 20 beds. Sepsis with multiorgan dysfunction and respiratory failure were the major reasons for intubation and mechanical ventilation. Majority of the physicians (58%, 382 responders) estimated the average ventilator days to be in the range of 3-5 days and the average length of ICU stay to be in the range of 5-10 days (45%, 300 responders) in their ICU. Only 52% (343 responders) of the physicians reported using a severity scoring system for their patients and APACHE II was the most commonly used score \[[Table 1](#T1){ref-type="table"}\]. Seventy-one percent (470 responders) of the respondents had a dedicated physiotherapist in the ICU. Only 19% (122 responders) of the physicians worked in ICUs that had a nurse to patient ratio of 1:1 and 50% (329 responders) reported a nurse to patient ratio of 1:2. When asked about the availability of ventilators in the ICU, 33% (219 responders) of the participants reported to have one ventilator for each bed, 38% (249 responders) of participants had at least one ventilator for two beds and 29% (189 responders) reported to have one ventilator for more than two beds in the ICU.

###### 

Respondent and ICU demographics
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### Sedation practices {#sec3-4}

Midazolam was the most commonly used agent for sedation (95%, 626 responders), followed by Propofol (68.4%, 451 responders). Dexmedetomidine was used by 60.2% (397 responders) of the responders at some time in their practice \[[Figure 1](#F1){ref-type="fig"}\].
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### Analgesia practices {#sec3-5}

Fentanyl was the most common analgesic agent used (47.04%, 310 responders), followed by Tramadol (16.2%, 103 responders) and Paracetamol (15.2%, 100 responders) \[[Figure 2](#F2){ref-type="fig"}\]. Among the alternate methods of analgesia, epidural analgesia was most commonly used (62.7%, 407 responders), followed by regional nerve blocks (23%, 151 responders).
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### Relaxants (neuromuscular blocking \[NMB\] agents) {#sec3-6}

Use of NMB was occasional among 86% (571 responders) of the responders, while only 7% (43 responders) always used NMB during ventilation. The most common indication for its use was severe refractory hypoxia and acute respiratory distress syndrome (ARDS) (71%, 469 responders). Most of the physicians used an NMB agent for less than 48 h (28%, 185 responders) in ARDS. Vecuronium was the most preferred agent (50%, 333 responders), followed by Atracurium (38%, 251 responders) \[[Figure 3](#F3){ref-type="fig"}\]. "Analgesia first" approach is used by 8% (49 responders) of responders. Analgosedation (simultaneous use of sedation and analgesia) was reported by 66% (437 responders), while 14% (89 responders) reported using sedation, analgesia and NMB agents simultaneously. Only 1% (six responders) of the respondents practiced an "analgesia only" regimen in their ICUs. Continuous drug infusion was used by 54% (357 responders) of the respondents, intermittent boluses by 21% (140 responders) of the respondents and both methods by 25% (162 responders) of the respondents.
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### Monitoring practices {#sec3-7}

Routine monitoring of sedation was reported by 58% (381 responders) of the responders. Although there was a wide mix of the type of scale used, Ramsay\'s Sedation Scale was the most preferred one (56.1%, 247 responders), followed by Richmond agitation sedation scale (RASS) (19.3%, 85 responders) \[[Figure 4](#F4){ref-type="fig"}\].
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Sixty-six percent of the responders (442 responders) monitored pain in their ventilated patients. The participants used various pain scales, of which the Visual Analogue Scale (VAS) was the most preferred (48.07%, 299 responders) scale \[[Figure 5](#F5){ref-type="fig"}\].
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Twenty-seven percent of physicians (178 responders) reported a regular audit to evaluate their compliance in use of sedation, pain and delirium scales. Only 50% of the physicians responded when asked about having a written protocol in their ICU for sedation, pain and delirium management. This 50% consisted of protocols for sedation (18%), analgesia (15%), management of delirium (4%) and none (13%). Only 10% (64 responders) of the participants did a regular post-ICU discharge of all patients who had received sedation, and only 6% of the participants did it occasionally.

### Delirium in ICU {#sec3-8}

About two-thirds of the responders (65%, 430 responders) felt that the incidence of delirium in mechanically ventilated patients is less than 10%. The incidence was reported to be in the range of 10-50% by 31% (201 responders) of the responders, and only 2% of the responders felt that more than half of their mechanically ventilated patients experience delirium. Only 480 physicians (73%) responded when asked about use of delirium score. Majority (65.6%, 315 responders) reported not assessing delirium in the ICU. Only 22% (107 responders) of them used formal scales to measure delirium, The CAM-ICU score being the most preferred one (20%) \[[Figure 6](#F6){ref-type="fig"}\]. Haloperidol was the most commonly used drug (77%, 507 responders) for the treatment of delirium.
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### Weaning methodology {#sec3-9}

Eighty-three percent of physicians (551 responders) said that they practiced a protocolized weaning in their ICUs. Eighty percent (533 responders) of the weaning practices were physician driven as opposed to only 5% driven by critical care nurses.

Seventy-nine percent (524 responders) reported that in their ICU, a spontaneous awakening trial (SAT) was performed prior to weaning efforts and 91% (605 responders) of the physicians weaned using a regular spontaneous breathing trial (SBT). Sixty-two percent (406 responders) of physicians tried SAT sometime during the first 48 h on mechanical ventilation and 16% (105 responders) did so in the first 24 h. SBT was performed within the first 24 h by 13% (86 responders) of the physicians and 53% (350 responders) of the physicians subjected their patients to SBT within 48 h.

### Mobilization practices {#sec3-10}

Ninety-two percent (614 responders) opined that early mobilization did have a role in patient management and outcome in ICU. While 85% (558 responders) of the physicians order some form of mobilization regularly, only 20% (134 responders) believed that patients in the ICU can be mobilized safely while on ventilators and with invasive monitoring. Apprehensions related to dislodgement of tubes and lines remained the major limiting factor in non-mobilization of ICU patients (22%, 142 responders). The level of mobilization reported was as follows: 86% (572 responders) had bed side, 70%(462 responders) to a wheel chair and 67% (441 responders) to some walking. When asked about the possible reason for non-mobilization, only 569 physicians responded. 33.7% (192 responders), i.e 192 responders, reported that mobilization in ICU is not applicable and is not feasible due to staffing issues (non-availability of trained staff). 13.7% (90 responders) of the responders were of the opinion that they could not mobilize critically ill patients with equipment attached (ventilators, lines, etc.) and 7.8% (52 responders) were afraid of complications that might occur as a result of it.

Discussion {#sec1-4}
==========

Our survey had 659 responders. The data from the survey suggest that compliance with existing guidelines is low.\[[@ref18]\] Benzodiazepines are the predominant sedative used in the ICU. The practice of giving analgesia before sedation is almost non-existent. Delirium remains an under-recognized entity. Monitoring of sedation levels, analgesia and delirium is low and validated and recommended scales for the same are infrequently used.

Only 659 (11.12%) of the 5943 physicians responded to the survey. However, this cannot be considered as the actual response rate of the survey, as we had requested only those who do full time or part time intensive care among them to respond. Hence, many physicians for whom this survey was not applicable did not respond and this number is unknown. We adopted this method of sending e-mails to all members of both societies as we did not know how many physicians among them practice some form of intensive care. Although our method avoided a selection bias, the actual number of those practicing some form of intensive care for whom the survey was designed is yet unknown. This number would be the true denominator to determine the actual response rate. This true denominator, however, may be small considering several members of both societies practice their primary specialty (being anesthesiology or general medicine) and some members of the ISCCM include surgeons, microbiologists and physiologists (memberships require an interest in critical care and not necessarily practice in the specialty).

Surveys on sedation and analgesia in critically ill patients have a varied response rate from 20% to 65%. Most of the previous surveys identified the number of units rather than the number of physicians in the response rate calculations. These surveys yielded a high response rate (65%,\[[@ref14]\] 63.5%\[[@ref15]\] ). However, surveys conducted by sending the questionnaire directly to physicians (such as ours) reported a wide variation in response rates ranging from 20% to 60%.\[[@ref16][@ref17]\]

A high percentage (59%) of the responders was under 40 years of age. In a Canadian survey, majority of the responders (47%) were in the age group of 40-49 years. Majority of the responders were less than 5 years into their critical care practice as compared with the west, where almost equal number of responders were less than 5 years, 5-10 years and 10-15 years into their practice.\[[@ref17]\] Majority of the responding doctors were practicing critical care medicine in private sector hospitals and almost two-thirds of the physicians were trained in anesthesiology. Only a few of the relevant surveys in the past have collected the demographic profile of the participants. In a survey in Canada, the majority of the participating physicians were from internal medicine (56%), and anesthesiologists constituted 26% of the respondents.\[[@ref17]\]

Although the true response rate is unknown, the actual numbers of respondents was good. The 659 respondents with varying levels of experience in critical care were from private, public, trust hospitals and both, with and without university affiliation and formal critical care courses, which covers the diverse background of the critical care practice in India. Patients with sepsis and respiratory failure represent the majority of patients among the ICUs of respondents with an average of 3-5 ventilated days. This shows that a majority of the respondents were practicing in ICUs dealing with sick patients, needing higher level of support, where analgesia and sedation practices would be applicable. A severity scoring system was used by 64% of the responding physicians, mostly APACHE II. None of the previous surveys have evaluated the use of severity scoring in the corresponding ICUs.

The sedation practices have varied widely among the published surveys of the past. A survey in the UK found that the use of a particular sedative is guided by the required duration of sedation. For short-term sedation (less than 24 h), Propofol was the preferred agent, and Midazolam when the anticipated sedation duration was more than 24 h. When weaning was considered, the sedation used predominantly was Propofol.\[[@ref15]\] Similar studies from Australia and Canada found Midazolam to be the most commonly used agent, followed by Propofol.\[[@ref14][@ref17]\]

The current recommendation is in favor of no non benzodiazepine (NBZD) sedative agents over benzodiazepines (BZD).\[[@ref18]\] Multiple studies from the United States have shown that there is a progressive increase in the usage of Dexmedetomidine.\[[@ref19][@ref20][@ref21][@ref22][@ref23][@ref24]\] Riker *et al*. showed that Dexmedetomidine was associated with more ventilator-free days (3.7 days vs. 5.6 days) as compared with midazolam.\[[@ref25]\] The meta-analyses by the American College of Critical Care Medicine (ACCM) and the Society of Critical Care Medicine (SCCM),\[[@ref18]\] and a study by *P* and Haripande *et al*.\[[@ref26]\] showed that BZD is associated with increased ICU LOS. A head-to-head trial concluded that Propofol is better than Lorazepam,\[[@ref27]\] and a similar study advocated Dexmedetomedine over Midazolam for minimizing the duration of mechanical ventilation. Moreover, the same study noted a higher rate of delirium with BZD (Midazolam) than Dexmedetomidine. The cost-effectiveness of Dexmeditomidine has been demonstrated in the past.\[[@ref28]\]

Our survey found that Midazolam is still the most commonly used sedative agent in India. With the current evidence about increased delirium with the use of BZD, this may be of some concern. It is closely followed by use of Propofol and Dexmedetomidine. Although BZD use is still predominant, as opposed to the current recommendations, it was encouraging to see up to 60.2% of the responders reporting the use of Dexmedetomidine at least on one occasion in their practice.

The present guidelines advocate the routine use of sedation scales as it has been found to improve patient outcome.\[[@ref18][@ref29][@ref30][@ref31]\] Multiple studies have demonstrated that a combined use of protocolized sedation, sedation scale and NBZD agents lead to improved patient outcome in ICUs, decreased length of mechanical ventilation, ICU and hospital LOS.\[[@ref32][@ref33][@ref34][@ref35][@ref36][@ref37][@ref38][@ref39][@ref40][@ref41][@ref42]\] Only 58% of the 381 responders routinely monitored sedation levels in the ICU. One of the reasons for this may be related to staffing issues. RASS and Riker sedation agitation scale (SAS) are the most validated and recommended scales for sedation assessment in the ICU.\[[@ref18]\] In our survey, however, the Ramsay Sedation Scale (RAS) was preferred by most. This may be explained due to the lack of awareness of more validated scales or RAS, as it is easier to use and interpret. Similar results have been found in previous surveys.\[[@ref15][@ref17]\]

Intravenous opioids are the recommended agents for non-neuropathic pain in critically ill patients. The co-administration of non-opioid analgesia and non-pharmacological means of analgesia reduces the amount of opioid use and its adverse effects. Thoracic epidural anesthesia/analgesia is recommended as an alternate mode for post-operative pain management in patients undergoing abdominal aortic surgery.\[[@ref18]\] In our survey, opioids (mostly Fentanyl) were the predominant analgesic used, with non-opioids like non-steroidal anti-inflammatory drugs and paracetamol used as alternatives or adjunct analgesics. Epidural and regional block were the predominant alternate methods of analgesia. The gold standard for pain assessment is the severity reported by the patient himself.\[[@ref18]\] The use of Behavioural Pain scale (BPS) in ICUs has been demonstrated to improve patient management and outcome, which included duration of mechanical ventilation and LOS in ICU.\[[@ref43][@ref44][@ref45]\] As most of the patients in the ICU fail to self-report, BPS and Critical-Care Pain Observation Tool (CPOT) are the most validated pain scales to be used in critical care, which include medical, post-operative and trauma patients.\[[@ref18]\] VAS is the most commonly used pain scale probably due to its simplicity. Our survey shows that the more reliable pain scales like CPOT and BPS are hardly used (4%) in Indian ICUs. This may be due to a lack of awareness or the greater complexity of these scales in comparison with VAS.

Few surveys previously evaluated the practice of using NMB agents in ICUs. In the Canadian survey,\[[@ref17]\] Pancuronium was the most commonly used NMB agent followed by Rocuronium and Vecuronium. Among physicians who used cis-atracurium, intermittent and continuous dosing was equally distributed. Paralytic infusion was interrupted for assessment of patients by 64% of the users. The most common indications for their use were: The use of unconventional modes of ventilation, decreased lung compliance and refractory hypoxemia. Twenty-two percent of the participants who used NMB agents follow an institutional protocol and 84% employ the Train-of-four (TOF) monitoring. Interestingly, up to 41% use an agent for reversal of paralysis sometime during the treatment.\[[@ref17]\] On the other hand, a survey in England found that the predominant use of NMB agents was restricted to neurological and neurosurgical ICUs. The use of NMB agents was comparatively infrequent (7% of participants use NMB agents for \> 10% of cases).\[[@ref15]\]

In our survey, the routine use of NMB was low (7%) and occasional use was among 86% respondents, with the predominant indication for use being hypoxia and ARDS. Only 9% of participants reported that the most common indication was head injury. The most common agent used was Vecuronium, followed by Atracurium.

The currently recommended\[[@ref18]\] "Analgesia first" approach is practiced only by a very small proportion of respondents (8%, 49 responders), with a majority still using sedation and analgesia together. Recent data suggest that an analgesia-only regimen may be beneficial in certain cases.\[[@ref46]\] Often, analgesic medications are added as a supplement to sedation. It reduced doses of both agents and, in some cases, was a more effective therapy.\[[@ref47]\] In our current survey, analogosedation was the most common practice used by the responders and analgesia only was practiced only by 1% (six responders) of the physicians. Only 21% responders used intermittent drug boluses, while most (79%) used continuous drug infusions or a combination of both strategies. Lack of adequate nursing staff in most of the ICUs may be the reason for this.

Various studies on ICU delirium have found the incidence to be as high as 80% in mechanically ventilated patients.\[[@ref48][@ref49][@ref50][@ref51]\] Delirium has been proven to be a major predictor of mortality, hospital LOS, cost of ICU care and long-term impairment of cognition.\[[@ref50][@ref52][@ref53][@ref54][@ref55][@ref56]\] The recommended measures for prevention of delirium include early mobilization, pharmacologic and combined strategies. The present survey suggests that delirium is still an under-recognized entity in India. Sixty-five percent of the participants state that the incidence of delirium in mechanically ventilated patients was up to 10%. Routine monitoring of delirium is recommended.\[[@ref18]\] Even among the 34.38% (165 responders) of the 480 respondents who claimed to assess delirium in their patients, only 22.29% (107) used formal scales to measure delirium. CAM-ICU and ICDSC are the most valid and reliable scales for delirium screening in critically ill patients,\[[@ref18]\] and the former appears to be the preferred option among the few survey participants who assess delirium.

Although there is no clear evidence for recommended treatment options for delirium in critically ill patients, antipsychotic agents are routinely used as per the recommendations from some guidelines.\[[@ref57][@ref58][@ref59]\] Use of Haloperidol for the treatment of delirium has a level C recommendation and was most commonly used in our survey.

Early mobilization is being increasingly used as a non-pharmacological method\[[@ref60]\] and is associated with decreased depth of sedation, improved outcomes such as increased number of ventilator-free days and reduced hospital and ICU LOS. Multiple studies have demonstrated the safety of early mobilization of critically ill patients.\[[@ref60][@ref61][@ref62][@ref63]\] In our survey, the majority of respondents were aware of the benefit of mobilization but were limited in implementing it due to lack of support staff and concerns of safety, particularly in patients with multiple lines and those receiving ventilatory support.
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### Limitations of the study {#sec3-11}

A major limitation of this study is that the actual response rate cannot be determined, as the actual number of physicians who do at least part time intensive care (the denominator) is unknown. However, the number of respondents being large (659) and with varying levels of experience in critical care, cover the diverse spectrum of intensive care practices in India. Another inherent limitation of such surveys is that the reliability of individual responses cannot be ensured.

### Strengths of the study {#sec3-12}

This survey includes the largest number of physicians that has participated among similar surveys conducted elsewhere.\[[@ref16][@ref17]\] This nation-wide survey is the first of its kind in the field of critical care medicine in India. Although we cannot claim with certainty that it is truly representative of practices in India, this study give us some idea of the MARS practices in Indian ICUs. Future prospective studies targeted at practicing intensivists will give us more accurate information on these practices. It is also clear from the results of this study that some aspects of care can be improved by increasing knowledge and awareness (analgesia first, use of non-BZD sedatives, presence of delirium, etc.), while other aspects such as early mobilization, the benefits of which though well known, need better infrastructural support for implementation.

Conclusion {#sec1-5}
==========

Despite the inherent limitation of our survey, the data represent the diverse nature of sedation practices in Indian ICUs. The results of this survey suggest that compliance with existing guidelines is low. BZDs still remain the predominant sedative used in the ICU. Giving analgesia before sedation is almost non-existent. Delirium remains an under-recognized entity. Monitoring of sedation levels, analgesia and delirium is low and validated and recommended scales for the same are rarely used. Although awareness of the benefits of early mobilization is high, the implementation is low.
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